In order to determine the epidemiological link between the Salmonella Enteritidis contamination in a rat-infested chicken layer farm, an attached egg processing facility and liquid egg samples, several S. Enteritidis isolates were analyzed by pulsed-field gel electrophoresis (PFGE) and bacteriophage typing. A total of 33 S. Enteritidis strains were isolated from a total of 4,081 samples. Similar pulsed-field patterns were generated by S. Enteritidis isolates from liquid eggs, rats and effluent water. Additionally, only two phage types were detected among the S. Enteritidis isolates, PT 1b and PT 6. These results suggest that S. Enteritidis isolates from rats, egg processing facility, and liquid eggs are genetically related. Furthermore, S. Enteritidis infection in rats in layer farms poses a serious public health concern and should be included in future epidemiological studies. KEY WORDS: layer farm, rat, Salmonella Enteritidis.
Human illness caused by infection with Salmonella enterica subsp. enterica serovar Enteritidis increased worldwide beginning as early as 1970s and by 1990, became the primary cause of salmonellosis in the world [2] . A major factor in this increase has been attributed to consumption of undercooked eggs and egg products such as liquid egg, contaminated with S. Enteritidis [4] . Rodents, dirty environment, recent poultry farming practices, chicks, pullets, and feeds have all been considered as major sources for contamination with S. Enteritidis in chicken layer farms [5, 7, [17] [18] [19] . In Japan, liquid egg is commonly used in making egg custard products. Murakami et al. [13] were able to isolate S. Enteritidis from unpasteurized liquid egg and epidemiologically linked it to isolates from human salmonellosis outbreaks. But little is known of the origin and mechanism of S. Enteritidis contamination in liquid egg.
DNA-based typing by pulsed-field gel electrophoresis (PFGE) has been widely used as a molecular fingerprinting technique for the epidemiological analysis of bacterial infections. In this study, several S. Enteritidis isolates obtained from a rat-infested chicken layer farm, its attached egg processing facility and liquid egg samples from a liquid egg factory for 2 years were characterized by PFGE. The purpose of this study was to determine if there are epidemiological links between S. Enteritidis isolates obtained from layer houses, egg processing facility and liquid egg samples and more importantly to determine the mechanism of S.
Enteritidis contamination in the field.
A commercial chicken layer farm and an attached eggprocessing facility (GP center) were sampled regularly for S. Enteritidis contamination monitoring for 2 years. Samples for Salmonella isolation were 81 batches (6,480 eggs) of dirty and broken eggs, 130 batches (3,900 eggs) of nest run eggs, 720 environmental samples from the layer houses and 820 environmental samples from GP center, 1,436 samples of GP effluent water, 180 batches of rat fecal samples, and 87 rats. The layer houses are connected by egg conveyor belts, which transport the eggs to the GP center. Some of the eggs are shipped to a liquid egg factory. Liquid egg samples from this factory were regularly checked for Salmonella contamination. A total of 627 liquid egg samples were tested for Salmonella isolation. From environmental samples and effluent water, cotton ply moistened with sterile saline were rubbed over the sampling spots and were put into a sterile plastic bag. In each of the layer houses and GP center, 2-3 swabs were obtained from the floors, walls, conveyor belts and trough. For isolation from rats and rat fecal samples, rats were trapped using adhesive traps. All rats caught were roof rats, Rattus rattus. The traps were baited with chicken feed or assorted seeds and were placed where rats frequently traveled. Each rat was placed in a sterile plastic bag, put on ice and transported to the laboratory. Rats were cultured individually. The rats were doused with 10% iodine solution, and the abdominal cavity was opened. The procedure was a modification of a described method [11] . Approximately 1 g of liver, heart, kidney, intestine and spleen were taken from each rodent. For isolation from liquid egg samples, each frozen liquid egg sample was stored in a sealed container and weighing approximately 100 g.
Several S. Enteritidis isolates were characterized by PFGE analysis. Six of the isolates were obtained from liquid egg, 4 isolates from rats, 2 isolates from rat feces, one isolate from dirty eggs, 2 isolates from farm environmental samples, 6 isolates from drain water from GP center, and 7 isolates from GP environmental samples. DNA for PFGE analysis was prepared as described previously [15] . Chromosomal DNA in each plug was digested with 20 U of BlnI (Takara Shuzuo, Kyoto) and XbaI (Toyobo, Osaka) at 37°C for 18 hr. PFGE was performed using CHEF-DR III apparatus (Bio-Rad, CA, U.S.A.) in gels of 1% agarose (Bio-Rad) on 0.5X Tris-borate EDTA buffer (Bio-Rad) for 21 hr at 200 volts and 14°C with a pulse time ranging from 2 to 43.2 seconds. The gels were stained with ethidium bromide (Bio-Rad) and photographed with an UV illuminator (Atto Systems, Osaka). DNA lambda ladder was used as molecular marker (Bio-Rad). DNA fragments were analyzed visually and pulsed-field patterns were assigned arbitrarily.
Phage typing was carried-out at the Department of Bacteriology, National Institute of Infectious Diseases, Japan.
A total of 33 (0.8%) S. Enteritidis isolates were obtained from 4,081 samples. S. Enteritidis represented 38.8% (33/ 81) of all Salmonella spp. serotypes isolated from all samples. Other serotypes such as S. Infantis, S. Corvallis, S. Livingstone, S. Rissen, and S. Glostrup represent the rest of the Salmonella spp. isolates.
The results of S. Enteritidis isolation from different sources are summarized in Table 1 . Two S. Enteritidis isolates were obtained from farm environmental swabs. Four S. Enteritidis strains were isolated from rat fecal samples. A total of 6,480 dirty and broken eggs were cultured and only one S. Enteritidis isolate was obtained. Six S. Enteritidis isolates were obtained from rats, three of these isolates were recovered from liver, two isolates were from spleen and one isolate was obtained from intestines. A total of 7 S. Enteritidis isolates were obtained from GP center environmental swabs. Similarly, 7 S. Enteritidis strains were also isolated from GP effluent water. Six S. Enteritidis isolates were obtained from liquid egg samples from the liquid egg factory. Lastly, there were no S. Enteritidis strains isolated from nest run eggs.
PFGE analysis of XbaI-digested chromosomal fragments of all S. Enteritidis isolates yielded only one identical pulsed-field pattern (PFP). However, BlnI-digested chromosomal DNA fragments generated 16 distinct patterns and were arbitrarily designated as PFPs A1, A2, A3, B, C, D, E, F, G, H, I, J, K, L, M, and N ( Fig. 1 ). PFP A1 gave 13 resolvable chromosomal fragments. This pattern was shared by six (18%) of the 33 S. Enteritidis isolates. In particular, this pattern was exhibited by two S. Enteritidis isolates from liquid egg, three rat S. Enteritidis isolates and one S. Enteritidis isolate from GP effluent water. PFP A2 was exhibited by one liquid egg isolate and PFP A3 was generated from three rat S. Enteritidis isolates. The similarity between these strains having patterns A1, A2, and A3 was relatively high (F-value = 0.81-0.96). These findings suggest that S. Enteritidis having BlnI-digested patterns A1, A2 and A3 were closely related to each other because the F-values calculated from the PFGE patterns were ≥ 0.80 similarity. Additionally, PFP B was exhibited by six (18%) of all S. Enteritidis isolates, three isolates were from GP effluent water and three isolates one each from rat feces, farm environmental sample, and GP center environmental sample. PFP K was shared by three GP center environmental sample isolates. PFPs L, M, and N were generated by S. Enteritidis isolates from GP center environmental samples. In addition, three other S. Enteritidis isolates from liquid egg samples generated PFPs, Patterns F, G and H, that were distinctly unique compared with the PFPs of the other S. Enteritidis isolates. Fourteen representative S. Enteritidis strains having PFPs A1, A2, A3, B and C were confirmed for phage typing. Two major phage types were detected, PT 1b and PT 6. PT 1b accounted for 8 (57%) of 14 strains and PT 6 was detected in 3 (21%) of the total S. Enteritidis strains. However, three S. Enteritidis isolates from rat and GP effluent water were untypeable. PT 1b was detected in strains from rats, liquid egg, and GP center samples. Additionally, these strains generated pulsed-field patterns A1, A2, A3 and C. In contrast, PT 6 was found in S. Enteritidis isolates from farm environmental samples, rat feces and GP center, and these strains shared similar PFP (B). The results of phage typing of strains from different sources and their PFGE patterns are summarized in Table 2 .
The important role of mice in the dissemination and persistence of S. Enteritidis on poultry farms has been described in the past [5] . Recently, definitive molecular evidence for the involvement of several wildlife species in the maintenance of S. Enteritidis infection in layer farms was demonstrated [10] . However, epidemiologically linking S. Enteritidis contamination in egg products such as liquid egg originating from layer farms especially from rodents is not fully elucidated. In the present study, several S. Enteritidis isolates from dirty eggs, rats, rat feces, environmental samples from the layer houses and GP center, and liquid egg samples were characterized by PFGE analysis and bacteriophage typing to determine if there are epidemiological links between S. Enteritidis isolates from a layer farm, an attached egg processing facility and liquid egg samples. PFGE analysis yielded (an identical pulsed-field pattern, Pattern A1,) closely related pulsed-field patterns, PFPs A1, A2, and A3. These patterns were shared by S. Enteritidis isolates from the rats, GP center effluent water and liquid egg. These results suggest that S. Enteritidis contamination in liquid egg samples have originated from the layer houses or from the GP center. Additionally, two PFPs, patterns A2 (from liquid egg) and A3 (from rats), resembled pattern A1 but have a 1 or 2 fragment difference. But according to Tenover et al. [20] , these differences in fragment patterns can be attributed to inversions or transpositions in the restriction enzymes recognition sites. F-values of these 3 pulsed-field patterns were ≥ 0.80 similarity, which means that patterns A1, A2 and A3 are very closely related. Furthermore, the phage type detected in S. Enteritidis strains having patterns A1, A2, and A3 was PT 1b. These findings further suggest that all S. Enteritidis isolates from the rats were epidemiologically related or at least closely related to some of the liquid egg strains. However, S. Enteritidis isolates obtained from rat fecal samples (patterns B and C) yielded unique patterns compared with strains from rats having patterns A1 and A3. These isolates have a different phage type (PT 6) compared with strains from rats (PT 1b). These results indi- cate that there is a genetic diversity of S. Enteritidis strains in the rat population within the layer farm. The other 3 S. Enteritidis isolates from liquid egg samples yielded unique PFGE patterns, patterns F, G, and H, compared with the rest of S. Enteritidis isolates from the layer farm and GP center. These results suggest that S. Enteritidis contamination in these liquid egg samples did not originate from the layer farm or the GP center. It is plausible, however, that this S. Enteritidis contamination may have originated from the liquid egg factory or from the other egg suppliers of the plant. Ebel et al. [3] have noted that processing of thousands of eggs in egg breaking plants over the same equipment and subsequent pooling of other liquid egg in large storage vats greatly increase the probability of S. Enteritidis contamination. The limitation of this investigation was that S. Enteritidis contamination in the liquid egg factory and egg samples from other suppliers were not tested.
PFGE analysis is an invaluable epidemiological tool and is believed to offer a discriminating capacity greater than serotyping, ribotyping, and other restriction fragment length polymorphism methods [1, 8, 21] . Several pulsed-field patterns were generated from all S. Enteritidis isolates suggesting there was significant genetic diversity of S. Enteritidis among the isolates from rats, eggs, layer farm and GP center and liquid egg samples. In this investigation, the epidemiological link between S. Enteritidis contamination in liquid eggs, farm rats, and egg processing facility were revealed by PGFE analysis.
S. Enteritidis is the top serovar associated with human salmonellosis cases in Japan [16] . S. Enteritidis phage type 1 was commonly associated with these human salmonellosis outbreaks in Japan [6, 12, 14] . In this study, the same phage type (PT 1) was detected in S. Enteritidis isolates from rodents, an egg processing facility and liquid egg. These findings cannot suggest that S. Enteritidis contamination on poultry farms are the primary source of human salmonellosis caused by S. Enteritidis. It is, however, very much possible that S. Enteritidis contamination from the farm can spread to egg products as shown in this investigation. Furthermore, results of the present study suggest that rodents should be included in epidemiological studies of poultry production facilities and may prove useful in investigation of human salmonellosis in the future.
